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All of us in the lighting industry today face daily decisions—allocating resources, making specifications,
calculating ROI, planning product roadmaps, and a host of other things—that rely on our best judgment
about an increasingly uncertain future. “Uncertain” means in ways both bad and good, for we all know
some kind of shakeout is pending, that there will be clear winners and losers, but we just don’t quite
know (or can’t quite imagine) the extent or timing of it and cannot afford to wait to find out which
camp we’ll be in when the music stops.

One of the most prevalent of the current debates about the state of the evolving disruption involves the
expected life of the “replacement lamp” cycle. While it’s quite practical to assume that existing sockets
can and should be filled by LED lamps that are roughly equivalent to their incandescent or fluorescent
predecessors—but consume only 20% of their power—two glaring facts make this single scenario
potentially difficult to sustain for too long: 1) many LED products are not yet up to the performance
level of older technologies, and exhibit low quality light that makes them poor candidates for rapid
widespread adoption; 2) the entire installed infrastructure designed for legacy technologies is
sometimes incompatible with LEDs. Plus, this infrastructure is so deeply inefficient on so many levels
that simply replacing light sources will not fully capture the potential energy savings and improved light
quality possible with LEDs—the entire power distribution system should be reimagined and
reconfigured. And I won’t even go into the added complexity of the situation with the controls industry.

Another challenge in our current situation is simply the overwhelming number of possibilities inherent
in the new LED technology—many of us can begin to suffer from complexity threshold overload, or
“choice paralysis.” This is a real problem affecting consumers today (think of choosing yogurt in the
grocery store) that can also affect specifiers, manufacturers and especially product developers with
innovative, brilliant engineers and designers on staff who keep discovering amazing new things they
can do with this new technology.

There is a way to get a handle on overwhelming complexity and uncertainty about the future that can
help us to hedge our bets and create plans that we can adjust when faced with unexpected events or
consequences—it’s called scenario planning. Originally developed by the US military during the Cold
War as a way to manage mutual escalation of nuclear weapons, it has evolved into a useful strategic
planning tool for business—used to great advantage most notably by Royal Dutch Shell before the oil
crises of the 1970s. In short, scenario planning does not mean predicting the future, but rather
carefully developing a small number of distinct and plausible possible futures in order to be prepared
for the one that actually unfolds.

What I’d love to see is organizations like IALD, IES, AIA, USGBC, and DOE (for starters) somehow join
forces to create “open source” scenarios postulating some potential futures for the evolution of solid
state lighting. This could be done by tapping into the expertise of historians, key manufacturers,
lighting designers, architects, regulatory agencies, utilities—a wide range of agents and experts—and
developing some good plausible scenarios we can use to give a framework to our critical decision
making. This may be a pipe dream, perhaps not — with the correct orchestration, it can easily be
achieved. In the meantime, we can all certainly use the technique within our own organizations in order
to manage the challenge of making better light for the built environment.
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Quality Threatens Adoption
Of all barriers to adoption, light quality is the most important. 
LEDs risk delayed adoption rates and subsequent lack of 
investment because of the poor quality of first generation LED 
light sources, with their blue spike, low CRI (color rendering 
index), and poor beam quality produced by multiple sources in 
one lamp. The last significant development in energy-efficient 
lighting technology was compact fluorescents (CFLs), which 
delivered significant energy savings over incandescent sources 
but failed to achieve desired market penetration. 

The slow and incomplete market adoption of CFLs demonstrates 
that simply because a product produces enough light, saves 
energy, and is cost-effective, widespread market adoption of that 
technology is by no means ensured. Poor light quality ruined 
many lighting designers’ and consumers’ confidence in CFLs. 
LED lamps that simply replicate the color quality and overall 
user experience of CFLs are unlikely to gain much market share 
over incandescent lamps.

McKinsey’s 2011 Lighting the Way1 report suggests that 
consumer lighting purchase decisions are driven as much by 
light quality as they are by the cost. Twenty percent of the 
residential respondents in the McKinsey report rated light 
quality as the most important decision criterion for lamp 
installation, which is on par with the 22 percent who rated 
purchase price as the most important factor. In all other market 
segments, light quality was by far the most important issue. 

Consumers must see LED-based light sources as high-quality 
products worth the initial higher price differential. Therefore, 
LEDs must provide performance that is measurably better than 
CFLs, including higher color rendering, more predictable color 
appearance, and a closer replication of (and indeed significant 
improvement over) the incandescent and halogen lamps that 

1  www.mckinsey.com/~/media/mckinsey/dotcom/client_service/automotive%20and%20assembly/
lighting_the_way_perspectives_on_global_lighting_market_2012.ashx 

Energy efficiency by itself is not enough to reverse global warming or solve 
the global energy crisis. It does, however, represent a huge source of energy, 

and we must pursue efficiency as a crucial part of a global survival strategy. 

Despite the typical protestations from entrenched industry 
interests, adopting widespread efficiency measures often 
presents no real downside and results in surprising collateral 
benefits in the form of improved quality in “energy services”— 
the useful work outputs we get from energy inputs. This is 
particularly true today with emerging LED (light-emitting 
diodes) technology.

Few of us remember that lighting was the “killer app” for the 
massive wave of electrification of our built environment and 
industrial infrastructure from the mid-1880s through the 
1940s. The disruptive adoption of the Edison bulb was one of 
the key driving forces behind the development of an electrical 
grid; centralized generation and distribution of power; and a 
vast array of devices, technologies, standards, materials, and 
interfaces that comprised the emerging electrical infrastructure.  

Thomas Edison, Nikola Tesla, and George Westinghouse all 
realized that it was not enough to have a single breakthrough 
invention in a successful bulb and filament arrangement 
to be useful; they knew that an entire system of generation 
and distribution must be designed and built in order for the 
invention to make a difference. 

Today, we have another emerging disruption in LED lighting. 
Solid-state lighting (SSL) is the first significant technological 
development in the production of manmade light in decades. It 
provides a clear technology path to delivering superior lighting 
globally that is cheaper, dramatically more energy efficient, and 
higher in quality than ever before. However, there are many 
barriers to the widespread adoption of LEDs for general lighting. 

Quality of Light and Overcoming 
Barriers to LED Adoption

clifton lemon, Marketing communications Manager, soraa Pears under 80 CRI Blue based LED lamp (left) and  
Soraa Vivid 95 CRI lamp. Courtesy of Soraa

http://www.mckinsey.com/~/media/mckinsey/dotcom/client_service/automotive%20and%20assembly/lighting_the_way_perspectives_on_global_lighting_market_2012.ashx
http://www.mckinsey.com/~/media/mckinsey/dotcom/client_service/automotive%20and%20assembly/lighting_the_way_perspectives_on_global_lighting_market_2012.ashx
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high-efficacy fluorescent sources may not easily accommodate 
LEDs. Additionally, increasingly complex controls requirements 
are making lighting more complicated in general. 

Unfortunately, changes in the regulatory environment that favor 
LED adoption are sure to lag behind the pace of technology, but 
they will eventually catch up as technological limits are reached 
and disruptive innovation slows. Regulations and standards 
should not focus entirely on energy efficiency at the cost of  
light quality.

Current metrics and standards in lighting evolved for older 
technology, and some of the most important, such as CRI, have 
not changed significantly for generations. Color rendering is a 
complex phenomenon. The first CRI was established in the late 
1940s to accommodate emerging fluorescent and incandescent 
sources. It has undergone periodic updating since, but does not 
adequately account for the full color rendering capabilities of 
LED technology. 

Even light output metrics now need to be reevaluated. 
Dramatically inefficient, the dominant paradigm in electric 
lighting today is over supply of light from omnidirectional 
sources requiring extensive reflecting and/or shading devices 
to deliver the appropriate amount of light to an environment. 
This has resulted in a conventional metric of input rather than 
output. In other words, we gauge the brightness of a light source 
by watts rather than by the final “services” we receive from the 
watts in the form of actual usable light. 

Fortunately, SSL—with its emphasis on energy efficiency—is 
beginning to change this, but we don’t have a universally-
accepted metric for output that makes sense for lamps and 
luminaires that produce light in a fundamentally different way. 
If we use total lumens as a base for efficacy, these could include 
as much spill or wasted light as in incandescent sources. 

The entire history of manmade lighting is at first glance perhaps 
too brief to provide useful lessons and patterns, but upon 
examination they are evident. Many problems in very early 
lighting technology—energy efficiency, color quality, difficulty 
in control of beam and distribution, health hazards, too little 
or too much light output, and industrial standards battles—are 
still evident today albeit in different scale or form. 

With the advent of widespread regulations mandating 
technological solutions, the lighting industry faces a future 
where LEDs provide perhaps the most viable way to meet 
pressing requirements. Fortunately, the new technology is up 
to the task and most, if not all, of what seem like important 
barriers to the adoption of LED technology can and will fall 
away, perhaps sooner than expected. ei

Mr. Lemon is passionate about developing sustainable solutions 
that meet the global challenges of resource depletion and social 
and economic instability. 

they replace. With the emergence of next generation LED 
technology, these performance benchmarks have now been 
reached, but many LEDs continue to exhibit poor quality of 
light. This threatens their widespread adoption.

LED light sources operate in a completely different thermal 
environment than incandescent sources, and require fixtures 
more carefully designed for optimal thermal performance than 
those intended for incandescent sources. This seems somewhat 
counterintuitive, as all LEDs run cooler than incandescents 
because they use power much more efficiently. But even though 
incandescents run hotter, they don’t lose efficacy at higher 
temperatures, and fixture choices reflect this fact—a large part 
of lighting infrastructure is dedicated to mitigating too much 
inefficiently produced light and heat. 

LEDs can operate in many fixtures originally designed for 
incandescents, but not all. Transformers, dimmers, and control 
systems designed for incandescent and fluorescent sources are not 
always compatible with LEDs. Finally, the different bulb and lamp 
types required by LED technology do not always fit into existing 
fixtures. As we are still in the beginning stages of LED adoption, 
physical fit and thermal issues have yet to be worked out. 

Lessons Ahead
As LEDs mature, lessons are being learned in applications and 
interoperability with existing systems. Fortunately, this plus 
the emergence of new classes of dimmers, transformers, and 
fixtures will ensure a healthy future for LED lighting systems 
and technology. 

As a relatively new technology, LEDs are more expensive 
than the very low cost incandescent and fluorescent sources 
that dominate lighting—for equivalent output, you can pay 
up to 30 times the cost per individual lamp. There are also 
perceived cost concerns with the fundamental LED material 
and manufacturing process, as LEDs have achieved only a very 
small market share and have not created the economies of scale 
that they eventually will. Costs are also incurred when new 
fixtures and infrastructure are required in order to allow LEDs 
to operate correctly, and options are still somewhat limited.

Despite high first costs, the public is becoming increasingly 
used to assessing total lifetime costs and extending payback 
expectations. Screw-base LEDs today typically offer a one-year or 
shorter payback and more complex fixtures can have up to a five-
year payback. The rapid pace of improvement in LEDs also means 
that we can expect overall price reductions annually as products 
improve and economies of scale influence the market.

Building codes and standards are slow to change and often 
constructed with mature technologies in mind, and this can 
handicap the adoption of new technology. In many cases, LEDs 
can be deployed within the existing framework of codes, and in 
other cases they will drive the development of new codes. Some 
building codes that make retrofits from incandescent sources to 
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All of us in the lighting industry today face daily decisions—allocating

resources, making specifications, calculating ROI, planning product roadmaps,

and a host of other things—that rely on our best judgment about an

increasingly uncertain future. “Uncertain” means in ways both bad and good,

for we all know some kind of shakeout is pending, that there will be clear

winners and losers, but we just don’t quite know (or can’t quite imagine) the

extent or timing of it and cannot afford to wait to find out which camp we’ll be

in when the music stops.

One of the most prevalent of the current debates about the state of the evolving disruption

involves the expected life of the “replacement lamp” cycle. While it’s quite practical to assume that

existing sockets can and should be filled by LED lamps that are roughly equivalent to their

incandescent or fluorescent predecessors—but consume only 20% of their power—two glaring facts
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make this single scenario potentially difficult to sustain for too long: 1) many LED products are not

yet up to the performance level of older technologies, and exhibit low quality light that makes them

poor candidates for rapid widespread adoption; 2) the entire installed infrastructure designed for

legacy technologies is sometimes incompatible with LEDs. Plus, this infrastructure is so deeply

inefficient on so many levels that simply replacing light sources will not fully capture the potential

energy savings and improved light quality possible with LEDs—the entire power distribution system

should be reimagined and reconfigured. And I won’t even go into the added complexity of the

situation with the controls industry.

Another challenge in our current situation is simply the overwhelming number of possibilities inherent

in the new LED technology—many of us can begin to suffer from complexity threshold overload, or

“choice paralysis.” This is a real problem affecting consumers today (think of choosing yogurt in the

grocery store) that can also affect specifiers, manufacturers and especially product developers

with innovative, brilliant engineers and designers on staff who keep discovering amazing new things

they can do with this new technology.

There is a way to get a handle on overwhelming complexity and uncertainty about the future that

can help us to hedge our bets and create plans that we can adjust when faced with unexpected

events or consequences—it’s called scenario planning. Originally developed by the US military during

the Cold War as a way to manage mutual escalation of nuclear weapons, it has evolved into a

useful strategic planning tool for business—used to great advantage most notably by Royal Dutch

Shell before the oil crises of the 1970s. In short, scenario planning does not mean predicting the

future, but rather carefully developing a small number of distinct and plausible possible futures in

order to be prepared for the one that actually unfolds.

What I’d love to see is organizations like IALD, IES, AIA, USGBC, and DOE (for starters) somehow

join forces to create “open source” scenarios postulating some potential futures for the evolution of

solid state lighting. This could be done by tapping into the expertise of historians, key

manufacturers, lighting designers, architects, regulatory agencies, utilities—a wide range of agents

and experts—and developing some good plausible scenarios we can use to give a framework to our

critical decision making. This may be a pipe dream, perhaps not — with the correct orchestration, it

can easily be achieved. In the meantime, we can all certainly use the technique within our own

organizations in order to manage the challenge of making better light for the built environment.
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By Clifton Lemon,

Marketing communications manager, Soraa

As food quality improves in the market today, discerning

diners increasingly expect not just great food, but a

total dining experience and not just at high-end

restaurants, but in every category. Food is the

cornerstone of a restaurant, but ambiance is what makes the experience

memorable and keeps customers coming back. Lighting is the first thing to look

at in creating a unique and compelling ambiance for your restaurant. Here are

five reasons limited-service restaurants should upgrade to LED lamps:

1. To create an inviting atmosphere. Not all LEDs are equal. Start with the best

light possible —full visible spectrum LED lamps. These deliver beautiful beams,

unprecedented rendering of colors and whites, and full dimmability.

2. To make your restaurant glow. Faces, foods, fabrics,

furniture and finishes all contain complex colors, which can

only be rendered correctly with high-quality, full visible

spectrum LED lighting, which dramatically improves the

appearance of the meal, the environment and even the

customers, too.

3. To improve energy efficiency. LED lamps use less electricity while delivering

high-quality light output.

4. To reduce operating costs. You can stop changing bulbs constantly. The long

lamp life of LEDs reduces replacement and maintenance costs over time.

5. To meet energy codes. Federal and state codes are becoming stricter and

require energy- efficient lighting. With full visible spectrum LEDS, you no longer

have to compromise quality to meet codes.

Cover photo: California Pizza Kitchen chose Soraa Vivid LED MR16s to provide

full visible spectrum lighting to several of their restaurants.
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Dining is a visceral everyday human experience. We plan and talk about our dining experiences almost as much as

we talk about the weather, maybe more. What do you want for dinner tonight? Our

collective vocabulary describing the dining experience is personal, sensory and

passionate. We take the alchemy of food and drink seriously!

Light defines the dining experience. It sets your expectations for what is to come…

the bright lights of your neighborhood McDonald’s communicate a different story and

sense of welcome than the warm, soft glow of your favorite Italian place. Light nudges

us to feel while we eat, drink and share stories with friends and family.

Restaurants require special consideration in lighting, and given three important trends

today- the “mainstreaming” of LED lighting on the market, delivering distinctive dining

experiences that reflect the attitude and ethos of the restaurant’s brand and the need for more energy efficient

lighting in general- restaurateurs and designers need guidance in navigating the design and technical issues

inherent in restaurant lighting today.

I was one of the early proponents of LED lighting many years ago, completing my first project in 2004, and it still

amazes me how many problems many owners, designers, and installers have in designing with and selecting LED

lighting, especially in restaurants. LED lamps and luminaires are now available that will match every desired dining

experience, with all the energy efficiency expected from LEDs. And compatibility problems are getting much easier
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to solve if you follow a few basic rules like looking for pre-tested dimmer/transformer combinations, sizing for in-rush

current, and using reputable, high performance LED solutions from credible companies like Soraa.

LEDs can be used in many different applications to create a comfortable and nuanced dining atmosphere, even in

fast food environments. Designing with the six layers of light will transform any space, enhancing ambiance and

providing a much more enjoyable customer experience than simple, static uniform lighting. Lighting has a

significant impact on how interior and exterior spaces are perceived. Diverse intensities, textures and colors of light

will order the visual importance of the space, indicate circulation paths, highlight art and interior details and

encourage social interaction. Lighting in restaurants also has a large impact on the food - light with point source

definition and full visible spectrum color rendering makes food look more appetizing, bringing out its true colors and

textures and making dining more pleasurable and memorable. The most successful restaurant designs provide a

dining experience that stimulates all the senses, especially sight, and lighting plays a significant part in driving

sales in hospitality.

Today, with the correct combination of people-inspired design and the best LED technology, designers can specify

lighting with no compromises, fully energy efficient with low operating and maintenance costs that unleashes the

enchanting power of food and drink to connect people and their stories together in the everyday dining experience.
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Like other innovations spurred by a combination of

technology development and government mandates, solid

state lighting (SSL) presents a real triple bottom line

scenario – good for the planet, good for profit, and good

for end users. According to LED industry analyst Jed

Dorsheimer, writing in LEDs Magazine in February 2012,

“LEDs will begin as an energy-efficiency story, but will

become more about utility: users can do more." This

scenario is already playing out, and manufacturers play a

key role in making sure LED adoption will hit its full

potential.

First, we must rethink our assumptions about how we

experience light in the built environment. This is a tall order, and more fundamental research on the behavioral

effects of lighting is needed and manufacturers must fund all or part of it. Now that entirely new forms of lighting are

made possible by SSL, understanding how we interact with and control light is crucial to our ability to design

lighting products that will be adopted, because they make people feel better, not just save energy. We need to see

lighting systems not as simple assemblies of components, but as integral parts of all building systems, with

improved controls and quality of light.
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There are definite historical patterns in the adoption of lighting technologies that can productively inform design

decisions today. The most important part of recent lighting history to remember is the failure of compact

fluorescents (CFLs) in reaching the projected level of market adoption. This happened because manufacturers

rushed the technology to market in order to meet energy efficiency requirements, but completely ignored quality of

light. Although CFLs have improved somewhat, their adoption rates have stalled. We can’t afford to make the same

mistake again with LEDs. Quality of light must be the first order of business with the design of LED lighting

products or adoption will fall short of its potential.

Fortunately, in addition to providing dramatic energy savings, SSL at its best, specifically GaN on GaN technology,

makes it possible to provide unprecedented quality of light. Now, “no compromise” LED lighting is available with

high spout CRI, crisp beam control, high whiteness rendering, and high R9, all at high enough output levels to

replace most incandescent and fluorescent light sources. While most LEDs are currently based on blue primary

emitters, it is possible to design light sources with high color CRI and other desirable characteristics with them.

There’s a lot of resistance to the current crop of LED replacement lamps, even to the whole concept, partly

because they often don’t perform as expected when installed into an infrastructure intended for incandescent or

fluorescent sources. Many OEMs stoutly promote the idea of dedicated fixtures for LEDs, and while there are many

excellent products like this on the market, they’re not yet affordable for a wide consumer-base and are probably

best seen as transitional design strategies. And LED OEMs cannot ignore the retrofit market, it’s simply too large.

We must continue to solve retrofit and replacement design problems while simultaneously developing radical,

game-changing approaches to lighting, as we can’t predict the future rate of LED adoption or the attendant

transformation of the electrical lighting infrastructure. This is difficult for most OEMs and will prove to be impossible

for some – especially those who cling too closely to old models of fixture design and distribution, or to outmoded

business models. LED replacement lamps must provide full, flicker-free functionality with existing dimmers and

transformers. This is feasible and many OEMs are making good progress, but it’s a tricky game, as other OEMs

are rapidly developing LED specific components, such as transformers that make retrofitting easier. This may

evolve into a much more rapid escalation of LED specific infrastructure and fixturing than we might have expected,

as awareness of LEDs’ many benefits, lower prices, and higher quality grows.

SSL makes it possible to fundamentally rethink lamp architecture, fixtures, and lighting systems. LEDs are issuing

in a brave new world of miniaturization, efficiency, and dramatically improved quality of light that completely disrupts

most traditional design and distribution schemes. Smaller, brighter, more controllable light sources open up huge

areas of design possibilities. “Out of the fixture” thinking in design is essential to the adoption of LEDs. The

nostalgic approach, making new lamps or fixtures appear like old ones, may have some cognitive and marketing

value, and has been the historical approach when lighting technologies have gone through disruptive shifts.

A better approach is to celebrate the look and feel of new LED technology with a sensitivity to their unique

aesthetics. This approach, unfortunately, is the exception rather than the rule, and the LED world is filled with

spectacularly inelegant designs for lamps and luminaires. This doesn’t have be the norm. Designers understand

that a carefully considered aesthetic approach is essential to the adoption of LEDs – specifiers, interior designers,

architects, and lighting designers often choose lamps and fixtures first because of their visual appeal, and second

because of their function.

Manufacturers also must get a handle on pricing. Both overpricing (which seriously impedes adoption) and the race

to the bottom with massive commoditization and unacceptable quality (which has already resulted in a glut of poor

quality first generation LED products) understandably make end users reluctant to adopt. This is the usual bump in

the road with new technology adoption. It may be difficult to educate the market to position true ROI and total cost

of ownership as key factors in purchasing decisions, but we must try to do this with marketing and price signals.
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Healthy profits allow us to expand our operations and invest more in R&D, which improves our ability to deliver

quality products at volume.

Finally, I don’t think it’s too much to propose that manufacturers nurture a healthy sense of social responsibility as

LED technology will result in massive global energy savings. The world is starved for affordable, beautiful, highly

energy efficient light, and on some level we have a responsibility to provide it. Design that considers human factors

and strives to deliver the highest quality of light plays a crucial role in LED adoption.
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An often overlooked characteristic of light sources is their 
ability to render white, which is arguably as important as 
color rendering. Most white-colored manufactured prod-
ucts include optical brighteners, also known as fluorescent 
whitening agents (FWAs), which are designed to pick up 
short-wavelength light (UV and violet) and re-emit it as 
longer-wavelength visible light (Figure C). The effect is an 
increase in bluish tint as well as an increase in reflected 
brightness, both of which serve to make such whites “whit-
er”. Optical brighteners have been developed over decades 
and are included in a wide range of materials, including 
clothing, cosmetics, plastics, detergents, and paper. These 
brighteners are excited by conventional light sources such 
as daylight or incandescent lamps, and they contribute to 
our everyday experience of white perception. Despite the 
ubiquity of white objects in our lives, Whiteness Rendering 
is not captured by standard measures of light quality, such 
as the Color Rendering Index (CRI).

Conventional (blue-based) LEDs cannot render such white 
materials properly because they lack emission of short-
wavelength light that is necessary to excite the FWAs. The 
result is that these white materials look yellow and dingy 
under conventional LED lighting (Figures A and B). This is 
a fundamental flaw in conventional LEDs, and even those 
with a very high CRI fail at rendering whiteness properly.

Soraa’s GaN-on-GaN technology is engineered to render 
white materials with optical brighteners in exactly the same 
way as natural incandescence. Excitation of brighteners 
is provided by violet light, rather than harmful ultraviolet 
light. The result is a bright, white appearance optimal for 
modern-day clothing, cosmetics, paper products, and ap-
pliances. 

This was done by calculating the chromaticity shift of 
Whiteness Standards illuminated by a reference illuminant 
(e.g., 3000K blackbody emission). The slope of the chro-
maticity shift as a function of the whiteness of the Stan-
dards (as specified by CIE) was then assigned a value of 
100 for the reference illuminant. The Soraa lamp emission 
spectrum was designed to match that slope (Figure D). For 
blue-based LEDs, there is no chromaticity shift (no white-
ness) effect, and the slope is zero.

White Accuracy can be quantified by measuring the re-
flected chromaticity of white materials under natural in-
candescent illumination and comparing it to the case of 
LED illumination. As  Figure E shows, the error in whiteness 
accuracy can be many SDCMs using conventional LEDs, 
whereas in Soraa’s case, the accuracy has been engineered 
to be within one SDCM.

Together with the outstanding color rendering of Soraa’s 
perfect spectrum technology, this unique ability at white 
rendering results in a simply perfect light source - the only 
LED source truly able to render all objects in a pleasant and 
natural fashion.

QUALITY OF LIGHT:
BRIGHTER WHITES 



Figure A (top): White materials appear yellow and dingy when illuminated 
by other LED lamps (left). SORAA VIVID 95 CRI/95 R9 lamps (right) bring 
out the bright white properly. 
Figure B (above): Colors are more saturated and glowing against whiter 
whites, as shown in the example at right, illuminated by SORAA VIVID 95 
CRI/95 R9 lamps. Other LED lamps (left) give colors and whites a less ap-
pealing appearance. 

Soraa Inc.
6500 Kaiser Drive
Fremont, CA 94555
855 GO-SORAA 
855 467-6722
www.soraa.comInformation and specifications subject 

to change. Rev A 4.18.13  D-110147

Figure C (above): How optical 
brighteners work. 
Figure D (left): Whiteness stan-
dards relative to the black body 
curve. 
Figure E (far right): White accuracy 
metrics.
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Photo 1:  The Tahoe Center for Environmental Sciences in Incline Village, Nev., is the first laboratory in the United States to use 
chilled beams to eliminate reheat.

Chilled Beams in Labs
Eliminating Reheat & Saving Energy on a Budget

In laboratories, the use of active chilled beams, also called 

induction diffusers, allows designers to decouple ventilation re-

quirements from sensible heating and cooling functions. If applied 

carefully and thoughtfully, this strategy can dramatically reduce both 

reheat energy and air-handling system size. In a recent laboratory 

project where active chilled beams were used, the size of outside 

air handlers and ductwork was reduced by 40%, and reheat was 

eliminated completely.

By Peter Rumsey, P.E., Member ASHRAE; and John Weale, P.E. Chilled beam systems are prevalent 
in Europe, but are not yet widely known 
or used in the U.S. (although their use is 
increasing gradually as designers become 
more aware of their benefits). So far their 
use has been largely confined to commer-
cial buildings, where their low investment 
costs and high cooling capacity offer 
compelling benefits. 

This article addresses how chilled 
beams work; how to apply them in 
laboratories; and the specific benefits (and 

Peter Rumsey, P.E., is principal, and John Weale, 
P.E., is a senior engineer, at Rumsey Engineers in 
Oakland, Calif.
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limitations) of their use in laboratories. It also presents a repre-
sentative case study where they’ve been used successfully.

How Chilled Beams Work
A chilled beam is a device that is located in or directly above 

the conditioned space and works in a fundamentally different 
way than the all-air diffusers used in most U.S. buildings. Two 
basic chilled beam types are in use: passive and active. Passive 
chilled beams usually consist of a small coil in a box that is 
recessed in the ceiling or hung from the ceiling. They are used 
for cooling and depend on natural convection. Chilled water 
flows through the coil and the air around the coil is cooled and 
falls into the room, driven by convection (Figure 1). 

As with passive chilled beams, active chilled beams have coils 
in ceiling-mounted boxes. However, active chilled beams use 
ventilation air that flows through the diffuser. The ventilation 
air is introduced into the diffuser box through small air jets, 
which induce room air to flow through the coils (Figure 2). 
Because the active introduction of ventilation air magnifies the 
natural induction effect, active chilled beams are also commonly 
referred to as induction diffusers. This induction effect gives 
active chilled beams much higher cooling or heating capacities 
than passive chilled beams.

Despite the fact that chilled beams have lower capacities 
than standard air diffusers and take more ceiling space (Table 
1), they can enable dramatic reductions in the air-handling sys-
tems required for laboratories. Sensible heating and cooling are 
decoupled from the ventilation and humidity control functions, 
and ventilation is the only remaining purpose of the air-handling 
system. In office buildings, ventilation-only air-handling sys-
tems are 20% to 30% smaller than all-air cooled systems. 

Two critical strategies that need to be addressed when de-
signing with chilled beams are 1) using warmer than normal 
chilled water and 2) controlling humidity in the conditioned 
space. If standard 45°F (7°C) chilled water is used in chilled 
beams, there is a risk of condensing water on the coil in the 
diffuser. To prevent such condensation, room humidity must be 
actively maintained below 50°F to 55°F (10°C to 13°C) dew 
point or 50% to 55% relative humidity at 72°F (22°C). Relative 
humidity is controlled through the ventilation or air supplied 
to the diffuser. Also, chilled water needs to be supplied to the 

chilled beam at least 3°F or 4°F (1.7°C or 2.2°C) above the room 
dew point. Therefore, most chilled beams use chilled water in 
the 55°F to 60°F range (13°C to 16°C). As an extra measure 
of safety, some chilled beam configurations include drip pans 
that are large enough to hold a minimal amount of condensate. 
However, if properly controlled by careful design, condensation 
issues can be prevented.

Many new office buildings in Europe use chilled beams, and 
all major European HVAC equipment manufacturers produce 
chilled beam products. Europeans like active chilled beams in 
office buildings because they allow the ducting to be signifi-
cantly smaller, as it only carries ventilation air, and cooling is 
accomplished through chilled water in the induction diffusers. 
Smaller ducting allows for lower floor-to-floor heights and less 
building skin. Active chilled beams are beginning to be speci-
fied for a few significant U.S. projects, including several new 
laboratory facilities.

Chilled Beams in Laboratories
HAVC requirements for laboratory facilities are fundamen-

tally different from those of commercial office spaces. Chilled 
beams provide even more compelling benefits for laboratory 
facilities than for office spaces. Laboratories require a fixed 
amount of ventilation air to maintain safety, but air change rates, 
size of ducting and air handlers are all typically determined by 
cooling loads. In most labs, air systems can be dramatically 
reduced if chilled beams are used to handle the cooling require-
ments and ventilation air is the only air supplied to the room 
through active chilled beams. Active chilled beams are not ap-
propriate for every laboratory and do present some limitations 
(see Potential Drawbacks and Limitations section). However, 
if applied thoughtfully, they can offer many other benefits, as 
described next. 

Reduced Ducting and Air-Handling Systems
Ventilation requirements for safety in labs are usually in the 

range of six to 10 air changes per hour. However, many labs 
are designed for higher air change rates to accommodate high 
fume hood counts and high cooling loads. Typical lab equipment 
cooling loads range between 5 to 15 W/ft2  (54 to 162 W/m2). 
When cooling loads from people, lights and the building shell 

Figure 1 (left): Passive chilled beam. Figure 2 (right): Active chilled beam.
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are factored in, the typical range is 10 to 20 W/ft2 (108 to 215 
W/m2). As seen in Table 2, the maximum air change rate is 
most commonly determined by the cooling load requirement. 
In some labs with extremely high fume hood counts, (more 
than four hoods per 1,000 ft2 (93 m2) lab or 14 air changes 
per hour assuming a 10 ft [3 m] ceiling), air change rates can 
be dominated by fume hood flow. If active chilled beams are 
applied to laboratories where duct sizing and air handler siz-
ing are driven by cooling requirements, significant savings are 
possible: in many cases, ducting can be downsized to handle 
less than half of the air. The savings realized from this design 
strategy can be used to pay for the piping and active chilled 
beam units. If modest reductions in floor-to-floor height due to 
smaller ducting are taken into account, using an active chilled 
beam system will translate into an overall savings in construc-
tion costs and significantly reduced operating costs.

Eliminated or Reduced Reheat
Another energy saving benefit that chilled beams offer 

is their ability to eliminate or reduce the need for reheat in 
labs. The standard lab system uses a VAV reheat scheme, 
which, due to widely varying equipment loads between labs 
served by the same system, wastes significant amounts of 
energy by cooling outside air and then reheating that air. In 
a typical laboratory facility with several labs, ventilation air 
must be cooled down to the temperature that will satisfy the 
lab with the highest heat load. With the proliferation of high 
heat load analysis equipment and low temperature freezers, 
the design supply air temperature (typically 55°F [13°C]) is 
used for most of the year. On cold days this is not a problem, 
but when outside air temperatures rise above 55°F (13°C), 
the ventilation air is cooled to meet the requirements of the 
most heavily loaded lab, then reheated for all the other labs 
that don’t require as much cooling.

In many detailed energy analyses of labs, cooling air and 
then reheating it can easily account for 20% of annual HVAC 
energy costs. Active chilled beams allow for ventilation air to 
be supplied at 65°F or 70°F (18°C to 21°C). When air is sup-
plied at 70°F (21°C) and all of the cooling is accomplished in 
the chilled beam’s cooling coil, reheat is completely eliminated. 
In the case where 65°F (18°C) air is needed to increase the 
cooling capacity of the chilled beams, small amounts of reheat 

are needed in labs where cooling loads are small. Either way, 
significant cooling and heat cost reductions are possible. 

Replacing Fan Energy with Pump Energy
The other energy benefit of active chilled beams is that cooling 

is accomplished with pumped chilled water instead of blown cold 
air. Water has a volumetric heat capacity 3,500 times that of air. In 
typical pump and fan arrangements, this translates into a reduction 
in fan energy by a factor of seven. On an annual basis, at least half 
of the cooling is accomplished by the coil in the chilled beam. The 
ramp-up of air in typical lab systems does not occur during high 
heat loads. Instead the pump provides chilled water into the chilled 
beam as needed for cooling. Depending on the baseline reheat coil 
design, there may be a small pressure drop penalty in the chilled 
beam of 0.25 to 0.5 inches of static pressure (62 to 125 Pa), but this 
is insignificant compared to the total fan energy of an air system 
usually operating in the range of 3 in. to 8 in. (747 to 2000 Pa) 

	 		 	 		 		 Sensible
	 	 	 Air	 Chilled 	 Cooling		
	Diffusers	 Size	 Delivered	 Water  Delivered
	 	 	 To	Space	 (gpm	 (Assumes  
    At 55°F) 75°F 
     In room)

Standard: All  
Air Diffusers 

2 × 2 250 cfm at 55°F None 5,400 Btu/h

Passive 
Chilled Beam 

2 × 4  0 0.5 gpm 1,200 Btu/h

Active Chilled 
Beam  

2 × 4 95 cfm at 68°F 1.5 gpm 4,600 Btu/h

 Total Cooling Required Air Air Change Air Change 
 Load Including Change Rate Rate for Rate Driven 
Lights, People, For Safety Cooling By: 
 Building (Air Changes (Assumes 55°F Supply 
 Envelope Per Hour) Air and 75°F 
 And Equipment  Exhaust Air)

 10 W/ft2 6 ACH 9.4 ACH Cooling

 15 W/ft2 6 ACH 14.1 ACH Cooling

 20 W/ft2 6 ACH 18.8 ACH Cooling

 10 W/ft2 8 ACH 9.4 ACH Cooling

 15 W/ft2 8 ACH 14.1 ACH Cooling

 20 W/ft2 8 ACH 18.8 ACH Cooling

 10 W/ft2 10 ACH 9.4 ACH Safety

 15 W/ft2 10 ACH 14.1 ACH Cooling

 20 W/ft2 10 ACH 18.8 ACH Cooling

 10 W/ft2 12 ACH 9.4 ACH Safety

 15 W/ft2 12 ACH 14.1 ACH Cooling

 20 W/ft2 12 ACH 18.8 ACH Cooling

Table 2: Chilled beams are appropriate in labs where cooling is the 
driver of air-change rates. 

Table 1: Comparison of cooling delivery capacities.

Figure 3: Schematic diagram of a chilled beam system.
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of total static pressure. The small chilled 
beam pressure drop provides induction, 
so well over half the conditioning airflow 
can be drawn from the room and directly 
through the low face velocity beam coil, 
rather than being brought in from outside 
and driven through the entire supply sys-
tem, which includes zonal pressure control 
devices, ducting, coils, filtration, and other 
equipment. 

Smaller Space Requirements 
Chilled beams can fit in tighter spaces, 

and eliminate the need for high-volume 
ductwork, making them highly adaptable 
to conditions where floor-to-slab height is 
minimal. Beams can be mounted directly 
below the ceiling slab, as no air gap is re-
quired between the beam and the ceiling. 
Compared to traditional all-air systems, the 
duct work reductions allowed by chilled 
beam systems can translate into floor-to-
ceiling height reductions of 6 in. to 18 in. 
(150 mm to 460 mm). This results in lower 
building skin and structural costs. 

Free Cooling & Improved Chiller Efficiency
Chilled beams require higher chilled 

water temperatures to avoid condensation. 
In most cases, chilled water temperatures 
are in the 55°F to 60°F (13°C to 16°C) 
range. These warmer temperatures enable 
water-side economizer or free cooling 
applications. If a chiller were dedicated 
to this cooling water, the resulting chiller 
efficiency improvement (compared to 
a chiller running at 40°F to 45°F [4°C 
to 7°C]) would be 15% to 20%. Some 
chiller capacity does need to be reserved 
for the lower temperature chilled water 
so that dehumidification is possible on 
warmer summer days. Often chillers are 
laid out so that they can be controlled to 
provide either temperature and, thus, back 
each other up. Warmer chilled water also 
allows chiller compressors to be smaller 
so that the purchase cost per ton or kW 
of cooling is lower and electrical support 
requirements are reduced.

Potential Drawbacks and Limitations
While active chilled beams present 

significant benefits, several drawbacks 
and potential pitfalls exist in their use 
that bear discussion and examination. 

Some of the lessons learned in design-
ing with active chilled beams in labs are 
highlighted next.

Noise. If too much air is pushed 
through a chilled beam, the noise of 
the induction nozzles can be noticeable 
and become a problem. It’s best to avoid 
high flows by using an adequate number 
of chilled beams to reduce the required 
flow per beam. 

Size. Active chilled beams come in a 
variety of sizes and capacities. The most 
common width is 2 ft (600 mm). The 
most economical length is 10 ft (2.5 m). 
If these larger sizes are used, ceiling grid 
coordination with lighting equipment can 
become an important consideration. 

High load rooms. Active chilled beams 
have a maximum cooling delivery capac-
ity. Manufacturer data is well-developed 
and allows the engineer to determine that 
capacity and the number of units needed. 
In labs where equipment loads are in the 
20 W/ft2 (215 W/m2) or higher range, 
their application can become impractical 
because too many chilled beams would 
be required. These more cooling-inten-
sive rooms frequently require different 
design solutions, such as the use of fan 
coils. Note that with good shading of 
windows and skin design, the impact of 
outdoor air conditions on the lab load can 
be minimized, and equipment loads can 
become the dominant factor impacting 
chilled beam use, even in regions that 
require high cooling.

Condensation. Condensation is a le-
gitimate concern and potential drawback 
of active chilled beams. In spaces where 
it’s not possible to control the humidity 
of the supply or ventilation air, chilled 
beams may not be an optimal design 
solution. To avoid condensation, sup-
ply air dew point and room dew point 
sensors are required to ensure chilled 
water temperatures are maintained above 
the dew point. For additional safety, 
keeping a spread of 3°F to 5°F (1.6°C 
to 2.7°C) between the room dew point 
and the chilled water temperature will 
avoid all condensation conditions. An 
emergency shutoff that uses a moisture 
detector mounted on a vertical section 
of exposed pipe may also be a prudent 
safety measure to include.

Advertisement formerly in this space.
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Fume hood intensive rooms. For labs with a high density 
of fume hoods, the benefits of active chilled beams are not as 
clear. In some cases, high safety airflow rates are required, 
ducts are sized already for the higher airflows, and savings from 
reducing ducting are not possible. If a building has only a few 
labs with a high density of fume hoods, chilled beams can still 
be feasible. In a lab facility where most of the labs have a high 
density of fume hoods, the main benefit of chilled beams would 
be in reducing reheat, but not ducting and air handler sizing. 
In cases like this, careful energy analysis will determine the 
viability of chilled beam systems, which should be evaluated 
alongside other four-pipe solutions. 

Cost. Chilled beams are imported or custom ordered and, 
therefore, carry a premium cost. Also, U.S. contractors typically 
are not familiar with the technology, and may be prone to apply 
a premium cost to a project that includes chilled beams. How-
ever, reduced costs of ducting and air handlers can outweigh 
the high cost of chilled beams. In the next few years, we expect 
that chilled beams will be manufactured in North America, that 
contractors will become more familiar with technology and 
products, and that costs will decrease accordingly. 

Pressure drop. The induction nozzles of chilled beams do have 
a pressure drop, usually in the range of 0.5 in. of static pressure 
or less (125 Pa or less). If care is not taken in selecting the chilled 
beams, the pressure drop can rise up to 1 in. (249 Pa). At this 

point, additional required fan energy can cancel any potential sav-
ings from pumping instead of blowing cooling, although reheat 
energy and construction cost savings will not be impacted. 

Airflow patterns. As with any other diffuser, active chilled 
beams have distinct airflow patterns, which are not unlike 
linear slot diffusers. Care needs to be taken to consider these 
airflow patterns and their impacts on fume hood airflow. The 
active chilled beam works best when placed perpendicular to 

Figure 4: Tahoe Center’s active chilled beam system.

Photo 2: Chilled beam installation at the Tahoe Center for Envi-
ronmental Sciences.
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Figure 5: Standard laboratory VAV reheat system. 
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the fume hood face, preventing airflow 
down the face of the hood. Ceiling grid 
coordination also can be simplified.

Economization. By reducing the 
outside air demand significantly, incorpo-
ration of economization does not neces-
sarily occur by default, but may require 
engineering consideration. Free cooling 
is highly recommended to achieve econo-
mization savings superior to a standard 
air economizer. The medium temperature 
water used by chilled beams is well suited 
to a free cooling configuration, which 
eliminates electrical chiller use when 
chilled water (at 65°F [18°C)]for many 
chilled beam installations) can be pro-
duced directly by a cooling tower.

Case Study: Tahoe Center  
For Environmental Sciences 

One of the first laboratories in the 
U.S. that uses active chilled beams, the 
Tahoe Center for Environmental Sci-
ences (TCES), located in Incline Village, 
Nev., (HDD 7,591, CDD 100) opened 
in August 2006. This 40,000 ft2 (3716 
m2) research and teaching laboratory 
was built for studying the Lake Tahoe 
environment as a joint venture between 
the University of California, Davis and 
Sierra Nevada College. Ten thousand 
square feet (929 m2) of the building are 
dedicated to laboratory space. 

The laboratory HVAC system uses ac-
tive chilled beams in all of the labs except 
for two of the most cooling intensive labs, 
which use fan coils for peak cooling. The 
ventilation air is supplied at 68°F (20°C) 
when outside air temperatures are above 
68°F (20°C). The active chilled beams 
use chilled water generated by a free 
cooling chilled water system. The 55°F to 
60°F (13°C to 16°C) chilled water is then 
used to cool the labs as needed. 

On cold days where outside air temper-
atures are below 55°F (13°C), outside air 
is heated to 55°F (13°C) and ventilation 
air is heated at each lab. When outside 
air temperatures are between 55°F and 
70°F (13°C and 21°C), outside air is not 
treated and chilled beams provide heating 
and cooling as needed. 

This strategy results in no reheat energy 
use. The minimum air change rates for 
ventilation and safety are six air changes. 

The strategy of decoupling the ventilation 
system from sensible heating and cooling 
requirements allowed for a 33% reduction 
in the ducting and air handler sizing.

The most compelling aspect of this 
project was its cost impacts. There was 
a significant reduction in ducting, shafts, 
and air handler capacity. Due to high cost 
of the induction diffusers (they had never 
been used in Nevada, and contractors and 
regulatory agencies were unfamiliar with 
the product) the construction cost of this 
system was comparable to a standard 
mechanical system (Table 3). The design 
team did have difficulties with the de-
sign budget due to additional time spent 
analyzing the system as compared to 
standard systems. Further time was spent 
explaining and justifying the design to 
the owners and contractors. 

Chilled beams made it possible to 
eliminate reheat and reduce the HVAC 
energy for the building by 57%. Several 
other strategies were integrated into the 
building. Some of these include: waste 
heat recovery from the exhaust air; a 
cogeneration system where waste heat 
is reclaimed for heating outside air; a 
100% free cooling chilled water system 
that generates chilled water stored in 
tanks in cool evening hours; and a 30 kW 
photovoltaic system that covers 10% of 
the electrical demand of the building. 

The Tahoe lab is in a climate that does 
not require as much cooling as many 
other climates in the U.S. In more chal-
lenging climates (more hours of heating 
and cooling) the reduction in outside air 
will result in further heating and cooling 
savings.  In climates where more cooling 
is required, savings from reheat reduction 
will also be greater. Where significant 
dehumidification is required, savings 
from reducing reheat can be maintained 
by the use of a runaround coil that pro-
vides free precooling and free reheat in 
the ventilation air handler.

Future Developments
As chilled beams continue to evolve, 

many new developments look promis-
ing. First, the units themselves will begin 
to show more variety and flexibility in 
configuration, as the basic concept of the 
chilled beam can be seen more as a style of 

Advertisement formerly in this space.
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design than a specific proprietary product 
or technology. Second, chilled beams need 
to be engineered for the higher cooling 
loads typically seen in labs. If this were ac-
complished, fewer chilled beams would be 
required, simplifying ceiling coordination 
issues and lowering piping and component 
costs. Third, active chilled beams need to 
be designed with slightly different flow 
patterns when used in laboratory facili-
ties. This would allow for more flexibility 
and prevent interference with fume hood 
airflow patterns. Fourth, and most impor-
tantly, active chilled beams need to be 
manufactured in North America instead 
of high cost Northern Europe. This would 
result in significant cost savings and make 
chilled beams affordable for many more 
labs and other building types. 

Conclusion
Active chilled beams have the potential 

of lowering both construction costs and 
energy costs in laboratory facilities. This 
contradicts the “received wisdom” that 

more energy-efficient buildings cost more 
to build. Once this design strategy is fur-
ther refined and demonstrated effectively, 
laboratory owners in the U.S. might want 
to at least consider the use of active chilled 
beams. As with any new technology, care 
and additional design time is required 
to ensure that all possible problems are 
avoided. Open discussion among engineers, 
contractors, and lab facility owners also 
will help to speed the successful adoption 
of this and several other energy-efficient 
strategies that are available to designers to 
lower costs and improve the performance 
of laboratory facilities.
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  Standard System  Active Chilled 
  Design Beam Design

 OA Air Handler Sizing  27,000 cfm  18,000 cfm 

Ductwork  37,500 lb 30,000 lb

 Exhaust Fan Capacity 27,000 cfm 18,000 cfm

 Cooling System Capacity 35 tons 20 tons

 Floor to Ceiling Height1  9 ft 10 ft

 Mechanical System2 Cost $741,000 $722,000

1. Floor to floor height kept constant; active chilled beam allowed for ceiling to be raised 1 ft.

2. Laboratory portion of the building is 10,000 ft2 or 25% of the building. HVAC costs include laboratory systems only.

Table 3: Tahoe Center for Environmental Sciences’ approximate cost comparison of chilled 
beam design vs. standard system design. 

Figure 6: Tahoe 
Center for Envi-
ronmental Sci-
ences’ baseline 
vs. designed es-
timated annual 
energy costs for 
cooling, heating 
and fans (based 
on DOE2 mod-
els , assuming 
$0.11/kWh and 
$1.03/therm). 
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